Software maintainability is a very important quality attribute. Its prediction for relational database-driven software applications can help organizations improve the maintainability of these applications. The research presented herein adopts a survey-based approach where a survey was conducted with 40 software professionals aimed at identifying and ranking the important maintainability predictors for relational database-driven software applications. The survey results were analyzed using frequency analysis. The results suggest that maintainability prediction for relational database-driven applications is not the same as that of traditional software applications in terms of the importance of the predictors used for this purpose. The results also provide a baseline for creating maintainability prediction models for relational database-driven software applications.
Introduction
Software maintainability is the ease with which a software system or component can be modi¯ed to correct faults, improve performance or other attributes, or adapt to a changed environment [6] . It is inherently associated with the process of softwaresoftware costs [12] . In order to manage these costs, it is important to understand, predict and improve software maintainability [12] . Software maintainability prediction involves proposing and validating predictors that have a bearing on software maintainability [1] and then employing these predictors to create software maintainability prediction models [13] . With the help of a maintainability prediction model, software organizations can better manage their maintenance resources and adopt a defensive design [11] .
Database-driven software applications have gained substantial importance in modern software development [4] . Relational databases are considered to be the most used and successful type of databases for over three decades [15] . Data management has almost become synonymous with Relational Database Management Systems (RDBMS) [15] as most software vendors have adopted the use and construction of relational approach to database management [20] . Consequently, relational databases enjoy tremendous success both in Information Technology (IT) shops as well as in data centers [15] . A relational database consists of a collection of tables that are interrelated via referential integrity constraints and whose structure is de¯ned by a schema written using the Structured Query Language's (SQL) data de¯nition constructs [16] . Relational databases and the underlying relational models are considered to be more formalized and inherently di®erent from other types of persistency mechanisms such as¯le systems [2] , network or graph models [17] , and object-oriented databases [18] .
Database-driven applications consist of a database, a Database Management System (DBMS), and a set of applications that interact with the database through this management system [7] . Relational database-driven applications are thus those applications that interact with a relational database through a RDBMS. These applications are often written in object-oriented programming languages and so result in impedance mismatch problem [9] . When a relational database schema changes such as due to adding more information, it leads to increased database schema complexity as well as increased coupling between the database and the software application [9] . The changes sometimes also have an impact on how the data access logic i.e., how applications interact with the relational database, has been implemented [9] . Therefore, the maintainability of relational database-driven applications is impacted by database-speci¯c features, application-speci¯c features [19] , as well as by the interaction of the application with the relational database or implemented data access logic.
Given the importance of relational database-driven software applications in modern software development, it is important to investigate the factors that impact upon their maintainability in order to enable maintainability prediction. This paper is a step towards predicting maintainability of relational database-driven application by providing a validated list of predictors that have an impact on the maintainability of relational database-driven applications. This list of predictors was initially gathered with the help of twelve interviews conducted with software professionals [13] . The interviews' analyses resulted in the identi¯cation of 120 predictors. The focus of 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43 the work presented herein is to rank these predictors, with respect to the strength of their impact on the maintainability of relational database-driven applications, via another survey conducted with a larger sample of software professionals. This paper extends the work presented in Riaz et al. [21] by supplying further details and insights into the collected evidence. The main contributions of this paper are therefore to:
. Provide evidence that the predictors of maintainability considered important in the context of traditional software applications do not hold the same level of importance in the context of relational database-driven software applications i.e., the predictors relevant to the relational database-end hold more importance in the context of relational database-driven software applications. . Provide further details on the predictors of maintainability presented by Riaz et al. [21] within the context of relational database-driven software applications. . Provide further details on the di®erent categories that the maintainability predictors for relational database-driven applications belonged. . Provide further details on the process of ranking the maintainability predictors for relational database-driven software applications in terms of their relative importance to predicting maintainability.
The remainder of the paper is organized as follows. Section 2 gives an account of the related work. Section 3 details the research methodology. Section 4 presents the results. A discussion on the results and threats to validity are given in Sec. 5, followed by conclusions in Sec. 6.
Related Work
The research presented herein is informed by the results of a Systematic Review (SR) conducted on the topic of`Software maintainability prediction and metrics' [12] and twelve interviews conducted with software professionals [13] aimed at gathering evidence relating to the maintainability prediction of relational database-driven applications.
The results of the SR revealed very little evidence on maintainability prediction. The total number of studies selected in the SR was 15. These studies were further analyzed to assess if the datasets used in these studies completely or partially comprised relational database-driven software applications. Only three of these studies [3, 5, 8] had used relational database-driven software applications in their datasets for the purpose of their research. However, only one of these studies [5] presented a maintainability prediction model but did not provide its prediction accuracy; the other two studies only presented measures [3] and factors [8] that impacted upon software maintainability, without any associated maintainability prediction model. Further analysis of these studies revealed that although they used relational database-driven applications, none of their proposed predictors or factors related speci¯cally to a back-end database or to the interaction between a back-end database and the front-end application. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43 To further investigate maintainability prediction in the context of relational database-driven applications, interviews with software professionals were conducted to gather evidence from practice [13] . The interviews were semi-structured in nature and aimed at investigating how the maintainability of relational database-driven applications is understood, measured, and predicted in practice; and what are the predictors of maintainability in the speci¯c context of relational database-driven applications. The results from the interviews revealed that a formal prediction model, or approach to predicting maintainability of relational database-driven applications is not used in practice. The practitioners rely on expert judgement when assessing maintainability of relational database-driven applications. Content analysis was used to analyze the data from interviews. The results from the interviews combined with that of the SR resulted in a list of 120 factors that impact upon the maintainability of relational databasedriven applications and may be used as their maintainability predictors. These factors were analyzed keeping in mind how many interviewees mentioned these but did not indicate the relevant importance with regards to predicting maintainability. This paper is an attempt at identifying which of these predictors were most relevant and were more important in the entire set of 120 predictors.
Research Methodology

Survey-based questionnaire
In order to determine which maintainability predictors were the most relevant from the list of predictors compiled with the help of SR and interviews' results, a survey was conducted with software practitioners. The list used in the survey comprised a total of 120 predictors [14] . The survey aimed at ranking these predictors in terms of their relative impact on the maintainability of relational database-driven software applications.
The survey questionnaire had 3 parts: The¯rst part is related to the respondents' characteristics i.e., job function at the company, highest quali¯cation, and total experience; and companies' characteristics i.e., year it was established, whether it is involved in developing relational database-driven applications, and the DBMS used most often.
The second part is related to the 120 maintainability predictors which belonged to one of the 10 categories below. Good software design or architecture, Customizable and parameterized application, Good database design, Complexity of database design, Tiered or layered application (e.g., a separate data access layer), Information coming to a module or object for processing, Information sent out by a software module or object for further processing, Number of modules/objects controlled or connected to a module/objects (from a layered architecture orientation point of view), and Number of modules/objects being controlled or connected by a module/objects (from a layered architecture orientation point of view).
Size, scope, and complexity of relational database-driven applications
Complexity of the application and its domain; Scope of the application; Volume of the application; Number of executable¯les; Lines of code; Number of lines of comments; Number of independent paths through an application; Number of variables used in an application; Scope of the variables used in an application; Number of decision conditions in an application; Methods in a class do not access common or same variables; Classes with objects of other classes as member variables; Di±culty in writing and understanding an application; Number of operators and operand used in an application; Number of overridden methods in an application; Number of private members of a class; Depth of Inheritance Tree in an application; Number of methods and their complexity; Number of methods in a class and invoked by the class; Number of times an object sends a message to a di®erent object; Number of di®erent attributes or member variables of a class; and Number of children of a class.
3.1.5. Quality, quality assurance, and testing of relational database-driven applications
Good quality (optimal) code; Strong emphasis on quality assurance; Number of bugs in the application; Application's time to recover from a failure; Availability and performance of the application; Data quality; Quality of comments; Complete, up-todate and high quality documentation; Flexibility and scalability of the application; Strong emphasis on properly conducting the requirements phase; Understandability of the application; Design reviews between the team and with the client; Code inspection, formal reviews and peer-reviews; Unit testing; Regression testing; Load testing; Testing of all use cases; Scenario-based testing; User acceptance testing; and Reproducibility of behaviour (predictable behaviour when running live).
Change and maintenance of relational database-driven applications
Ability to foresee future changes to the application; Maintaining logs and changes to the application; Formal versioning using a Version Management System; E®ort and cost spent on maintenance; Time to perform a maintenance task; Type of maintenance task; Understanding a change request and its impact upon maintainability; Changes in the database schema; Number of di®erent versions of the application; and Rate of technological change.
Development and deployment environment of relational database-driven applications
Use of packaged software (or reusable components); Variety of processors; Development and testing tools e.g., development tools, IDEs or frameworks and automated testing tools; Using frameworks for development that allow test harnessing; Knowledge of the application's deployment environment; Number of concurrent users using the application; and Variety of telecommunication protocols.
Web applications with relational database back-end
Number of Web pages or Graphical User Interfaces; Number of Web Objects (e.g., Java applets, images, multimedia objects like sounds and movies,°ash objects, etc.); Number of server side scripts; Number of client side scripts; Number of di®erent programming and scripting languages used to develop an application; Pages or User Interfaces (UIs) linked to other pages or UIs in the application; and Data exchange between di®erent UIs or Web pages.
Organizational culture and policies
Organizational culture of continuous improvement; Following standards (for coding and naming) and practices; Introducing policies for making changes to the application and/or database; and Organization's data archive strategy. The possible responses against each of the factors, in relation to their impact on the maintainability of relational database-driven applications, were recorded on a 7-point bi-polar scale. The responses could be one of \high decrease", \medium decrease", \low decrease", \no impact", \low increase", \medium increase", and \high increase". The scale was designed such that both the direction of the factors" relationship (positive or negative i.e., whether a given factor increases maintainability or decreases maintainability, respectively) and the strength of the relationship with maintainability could be determined.
The third part of the questionnaire recorded opinions on which aspect of a relational database-driven application, from interface, data model, or algorithm objects/ computation intensive modules, was hardest to maintain; asked if any additional predictors of maintainability; and recorded information on how a judgment is made on the maintainability of relational database-driven applications in a company (for which the option supplied was the amount of time to carry out a maintenance task). Refer to Riaz [14] for the complete survey questionnaire.
The survey was pilot tested with four practitioners. Based on their feedback, the survey was improved where the predictors from the SR, especially those that corresponded to various software metrics, were described using a simpler language in order to be clearly understandable by the practitioners. Additionally, the second part of the survey also indicated for the practitioners to assume the impact on maintainability due to an increase in the value (e.g., number of tables) or an improvement in the quality (e.g., good software design or architecture), where applicable, of the listed factors. Some practitioners also contacted us while¯lling out the survey form to clarify the meanings of some of the factors and at a later stage regarding what to assume in case of factors such as \good software design or architecture" in terms of an increase in their value. We identi¯ed these as issues with the presentation of information on the questionnaire and sent follow-up emails to all participants clarifying the meanings of various factors and that an increase in the value in the context of such factor relates to an improvement in the quality and that if in case of any ambiguities they could contact us. Further, we also included the details of the factors in the questionnaire. The issue of the assumption around the increase in the value of a factor was identi¯ed at a very late stage and so we addressed this only by sending follow-up emails. However, we did not receive any further emails from the participating practitioners and so it is safe to assume that this issue was corrected.
Survey process
In order to conduct the survey, approval from the University of Auckland Human Participants Ethics Committee (UAHPEC) was obtained (Ref. 2009/527 ). The process prescribed by UAHPEC was to contact the competent authorities within the companies which would then extend the invitation to their employees. The 9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43 invitations were sent to more than 50 companies in New Zealand and more than 25 companies in Pakistan through email. The email addresses were obtained through companies' listings on the Internet. In addition, a mailing list of the University of Auckland's Center of Software Innovation (CSI) and authors' own contacts were also used to make contact with the companies. The email invitation explained the purpose and nature of the survey, provided the Web link to the survey, and asked the companies' competent authorities to request participation by those employees within their companies that had experience with developing and/or maintaining relational database-driven software applications. The survey and the relevant UAHPEC documents, which included a Participant Information Sheet (PIS) and consent form both for the competent authority and participating employee, were made available online. The PIS included details relevant to the research. The other worth mentioning information that the PIS gave to the participants include the conditions around the con¯dentiality and withdrawal from participation. It stated that the con¯dentiality of the company or the participant will not be compromised and that the participants had the right to withdraw their participation anytime within the three months of¯lling out the survey form. The survey forms were¯lled out via a Web interface [14] . Some respondents also downloaded the questionnaire and returned an e-copy. The survey was conducted between June 2010 and September 2010.
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Data source
The data source used herein comprised responses of a total of 40 software professionals À À À 13 from 8 di®erent software companies in New Zealand and 27 from 15 di®erent software companies in Pakistan, where one respondent was self-employed. The roles of the participants varied from \Software Developer" to \Head of Development". The participants had at least 2 years of experience with software development and/or maintenance, and had an average experience of 7.8 years with a minimum of 2 and maximum of 28 years of experience.
The two countries, Pakistan and New Zealand, were chosen for the following reasons: (i) the interviews of which this research is informed were also conducted in New Zealand and Pakistan; (ii) the results of the interviews established that the context of this research was not culture-sensitive as the focus was on software applications in general and not speci¯c aspects related to people or their way of carrying out their work; and (iii) the¯rst and third authors are originally from Pakistan and research was carried out at the University of Auckland, New Zealand to which the¯rst three authors are a±liated.
In terms of the participating companies, only 3 companies, from which only one respondent each participated, were created 1, 2 and 5 years ago. All the other companies were at least 10 years old. In addition, all companies except two were engaged in development or maintenance of applications where 90% or more of their applications had relational database backend. The other two also were involved in 
Data analysis
Prior to analyzing the data, it was consolidated from two di®erent sources, a database residing on Microsoft SQL Server used for the online survey and e-copies of the survey forms¯lled by some respondents for which the data was manually entered. Frequency analysis was the technique used for data analysis. It was well suited to the purpose as the intention was to see how many respondents thought of a predictor as having an impact 1 to 7 (high decrease to high increase) on the maintainability of relational database-driven software application. During the frequency analysis, initially only the predictors that were reported to have an impact of \high decrease" or \high increase" on the maintainability of relational database-driven applications were considered. However, the frequency values did not stand out when only the extreme ends of the bi-polar scale were considered. For instance, for most of the factors the proportion of the respondents (out of 40) that chose one of the extreme ends of the scale (1 and 2 OR 6 and 7) were half or less than half i.e., between 15 and 20 (out of 40 respondents) and the proportion of the respondents that chose other options \medium decrease" to \medium increase" was equal or higher to those that selected one of the values at the extreme ends of the scale. Therefore, for¯nal analysis, the sum of the frequencies for \high decrease" and \medium decrease" (1 and 2 on the bi-polar scale), and \medium increase" and \high increase" (6 and 7 on the bi-polar scale) were considered. The sum of the frequencies for the two ends of the bi-polar scale presented a better choice and represented better insights into the data.
Results
Maintainability predictors
The results of the survey data analysis corresponding to the second part of the survey are presented in Fig. 1 , and show only those maintainability predictors for relational database-driven applications that had frequency values of 21 or higher i.e., those predictors that were reported by more than 50% of the respondents as having a high impact on the maintainability of the mentioned applications. Note that, the predictors presented in the table are all those predictors that had an impact of \medium increase" or \high increase" on the maintainability of relational database-driven applications. None of the predictors that had an impact of \medium decrease" or \high decrease" on maintainability were selected as a result of the frequency analysis. This shows that all the predictors listed in Fig. 1 18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43 maintainability of relational database-driven software applications i.e., they all result in an increase in the maintainability of relational database-driven applications whenever they also increase. The number of selected predictors for each category (as de¯ned in the survey questionnaire and mentioned in Sec. 3.1) against the total in that category are given in Table 1 . Note that predictors belonging to categories \Size, Scope, and Complexity of Relational Database-Driven Software Applications" and \Web Applications with Relational Database Backend" were not selected during frequency analysis and are therefore not presented in the results discussed further.
It is also worth noting that the best predictor relates to the relational database schema. In addition, other predictors, such as good database design, optimal use of DBMS features, are also among the top predictors of maintainability for relational database-driven software applications. Note that these predictors were not reported in the studies selected in the SR yet these rank higher than the predictors that were identi¯ed both by SR and interviews.
The percentages of predictors selected for each category presented in Table 1 . The results given in Table 1 show that the most important category of predictors was \Quality, Quality Assurance, and Testing", both in terms of the total number of predictors selected for overall analysis and number of predictors selected from the total number of predictors within the category. The second important category in terms of the number of factors contributing to maintainability prediction is \Relational Database-Driven Applications". Other important categories relate to \Development and Deployment Environment" and \Organizational Culture and Policies". The results clearly indicate that the factors related to quality, database schema, relational database-driven application play an important role in predicting maintainability. However, the results also indicate that the factors related to development environment and organizational culture are also considered important by practitioners in order to determine the maintainability of relational database-driven applications.
Ranking of the aspect of relational database-driven applications for ease of maintenance
The¯rst section of the third part of the survey asked the respondents to assign a ranking of 1 (easiest) to 3 (hardest) to each of three listed aspects of the relational database-driven applications i.e., application's interface, application's data model, and application's algorithmic objects or computation intensive modules. The results (see Fig. 2) show that the application's interface was considered the easiest to maintain by 33 respondents, followed by the application's data model (24 respondents) and algorithmic objects (23 respondents). As such, there was not too much di®erence between the number of respondents for second and third rankings, which suggest that the data model of a relational database-driven software application can be as di±cult to maintain as algorithmic or computation intensive objects. In addition to the ranking against the application's aspects, this part of the survey also asked if the respondents wanted to report any other factors they believed were important for predicting maintainability of relational database-driven applications.
Only three respondents added their responses, which included software development process level used in an organization; non-technical aspects related to customer behavior which drives the timelines for performing maintenance tasks; and conformance of DBMS to standards, reliability of WANs, and impact of other software installed on the system such as anti-virus, operating system, etc. As such, these factors were not considered signi¯cant as part of the analysis as each of these were reported by only one respondent and would have ultimately been eliminated from the list of top maintainability predictors.
Measures of maintainability for relational database-driven software applications
The second section of the third part of the survey was aimed at recording the most used measure of maintainability among time to carry out a maintenance task, own experience and judgment, and an equation or a more sophisticated method. 13 respondents provided no answer to this question. Among the 27 responses received, 20 favored expert judgment, 4 favored time to carry out a maintenance task, 1 favored a more sophisticated method, and two reported a combination of time to carry out a maintenance task and their judgment. The only respondent who mentioned an equation or more sophisticated method also added a note to indicate that there is no use for an equation or model but the company uses mature practices so it has its own parameters to assess maintainability. Overall, their own experience and judgment was the measure reported by most surveyed practitioners to measure the maintainability of relational database-driven applications. This suggests that maintainability of relational database-driven applications is determined by subjective assessment in practice.
Discussion
This paper presents the results of a survey conducted with software professionals. The survey was informed by a previously conducted SR [12] and the results of 18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43 interviews conducted with software professionals [13] . It was aimed at identifying maintainability predictors that had the highest impact on the maintainability of relational database-driven software applications. A list of 120 predictors belonging to 10 di®erent categories was used on which expert opinions from software professionals were recorded. The survey results suggest that the top 5 predictors related to \Database Design", \Design Aspects of Relational Database-Driven Applications", \Team, Team Communication and Project Management", and \Change and Maintenance". The number of predictors selected by more than 50% respondents was highest for the category \Quality, Quality Assurance, and Testing" followed by the predictors related to \Relational Database-Driven Application". The main contribution of this paper is that it identi¯es the top predictors of maintainability for relational database-driven applications. Other contributions include establishing and supporting by evidence that the type of applications most developed in software organizations have a relational database backend, as discussed in Sec. 3.3; interface of a relational database-driven application is considered easiest to change by software practitioners whereas data model and computation intensive modules are considered equally di±cult to maintain in comparison to interface; and maintainability in practice is measured using expert judgment.
The results of the survey presented some interesting¯ndings in terms of the factors considered important by software practitioners. From the results of the SR, the most frequently mentioned predictors related to coupling, complexity and size related measures. However, the survey results suggested that the factors related to \Size, Scope, and Complexity of Relational Database-Driven Applications" were not ranked higher than predictors belonging to other categories by the surveyed software practitioners. In fact, the list of predictors ranked higher by more than 50% of the respondents does not include any factor from this category. This is a very important nding suggesting a huge gap between research and practice with regards to the perception of maintainability predictors in the context of relational database-driven applications. The possible reasons for this can be that most research experiments reported in literature are not performed in an industrial setting and the applications used in research experiments are generally small in scope. This makes it easier to gather metrics and experiment on these applications whereas in practice there is lesser room for experimentation due to tight deadlines. In addition, in practice no sophisticated techniques for maintainability prediction are used and therefore, practitioners rely more on the visible factors on which that they can more easily formulate a judgment on maintainability. Also, the sample size for this research is not large so there is also the possibility of lack of external validity. We believe that irrespective of the reasons, there is a need to further investigate maintainability predictors of for relational database-driven applications. In this regard, our work in progress involves gathering project speci¯c data on the predictors identi¯ed herein and creating maintainability prediction models based on the gathered data. This, in addition to providing prediction models, will also be a means to validating the predictors and will suggest a need to consider predictors other than the ones selected herein. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43 The maintainability predictors for software applications suggested in the literature involved measures related to coupling, complexity and size of the application. The results of the survey suggest that size related measures are not important predictors whereas predictors related to database design are very important for maintainability prediction of relational database-driven applications. This suggests that the maintainability of relational database-driven applications is di®erent from that of the software applications.
It may appear that the data analysis method used is not very sophisticated and rigorous. However, the purpose of this survey was to identify top predictors from the list of 120 predictors such that these could be used for future work involved in this research. The analysis technique used perfectly suited the purpose and the use for a more sophisticated technique was hence, not required. Moreover, there are examples in the literature on software prediction where frequency analysis has been used to rank the predictors to be used further for the creation of prediction models [10] .
It should also be noted that all the factors listed in the survey questionnaire were sourced either from the results of the SR or the interviews conducted as previous phases of this research. While some factors may not seem to be ideal candidates as predictors of maintainability, e.g., e®ort and cost spent on maintenance, these were included to avoid researchers' selection bias based on their own judgement. Additionally, because the maintainability is predicted in practice using expert judgment, such predictors may hold value especially when maintainability is assessed based on similar projects carried out in the past.
The possible limitations of this research are related to an unequal number of respondents from the two countries and smaller sample size. While an equal number of respondents from both countries would have provided better opportunity for data analysis and comparison of results, the research itself was context free as established by the results from the interviews [13] . Therefore, we believe that the unequal number of respondents in this case is not a threat to the validity of the research. With regard to small sample size, we believe that it poses threats to the external validity of the research as the chances of obtaining di®erent results from a larger sample size cannot be ignored. However, considering the number of companies to which invitations to participate were emailed, the length of the survey, the time frame within which the survey had to be completed, and the fact that 34 professionals tried to¯ll out the survey questionnaire but dropped out before completing it; we believe that the sample data is of a considerable size to derive valuable conclusions. We are also aware that the data gathered did not take into consideration the characterization of the companies in terms of the company size, multi-national, or Government agencies, etc. While we believe that this characterization may have an impact on the overall processes followed within the companies, it is not of huge signi¯cance in relation to the maintainability of the relational database-driven applications. Nonetheless, it may be an interesting area to investigate whether or not di®erent types of companies perceive the maintainability and maintainability predictors di®erently. 
Conclusions
This paper presents the results of a survey conducted with software professionals. The survey was informed by the results of a previously conducted SR and interviews conducted with software professionals. The aim of the survey was to rank the 120 maintainability predictors of relational database-driven applications belonging to 10 di®erent categories for their strength in predicting maintainability. Out of 120 total factors, 44 factors were found to have an impact of either \high increase" or \medium increase" on maintainability, as per more than 50% of the respondents. The most important category of predictors was \Quality, Quality Assurance and Testing" whereas the top predictor \Correct de¯nition of entities" belonged to the category \Database Design". Our results also suggest that the practitioners measure maintainability using expert judgment and consider computation intensive modules of relational database-driven applications as easy or di±cult to maintain as the data models. Future work involves creating maintainability prediction models for relational database-driven software applications. In this regard, the work on gathering project related data on the predictors is already in progress. 
